Introduction
The isolation and microbial community analysis of LAB from pickled vegetables have been widely reported (Tamang et al., 2005; Plengvidhya et al., 2007; Chao et al., 2009; Tanganurat et al., 2009; Paramithiotis et al., 2010) . However, as certain species of LAB are not readily isolated by common laboratory methods (Ampe et al., 1999) , both culture-dependent and -independent methods are currently used for the analysis of microbial communities in fermented food (Giraffa, 2004 , Temmerman et al., 2004 . Recently, the results obtained by both methods have been extensively analyzed and compared (Endo et al., 2008; Nguyen et al., 2013; Wouters et al., 2013a; Wouters et al., 2013b) . In the present study, we analyzed changes in the microbial community composition of takanazuke produced in our laboratory based on 16S rRNA gene sequence analysis. We also compared the microbial community composition to that isolated in a previous study.
Materials and Methods

Production of takanazuke Takana was harvested in April
2011 from Ichihara Farm in Aso city, Kumamoto. Specimens were mixed with 6% (w/w) NaCl (day 0) and transported to our laboratory in Kumamoto city. The samples were kept at room temperature for 1 day, and were then divided into 110 g portions in sealed containers. The specimens were further incubated at the average monthly temperatures of the previous year (2010) (Sakai et al., 2013) were grown from glycerol stocks in MRS medium (10 g/L peptone, 
Results and Discussion
Change in lactate concentration during fermentation The pH values of water collected from fermenting takanazuke were 6. 62, 6.51, 6.11, 5.75, 5.19, 4.19, 4.22, and 3.83 on days 0, 4, 7, 19, 30, 40, 90, and 180, respectively (Sakai et al., 2013) . As shown in Fig. 3 fluorescens, P. chlororaphis, P. putida, P. stutzeri, P. aeruginosa, and P. pertucinogena (Anzai et al., 2000; Garrity et al., 2005) .
Twenty-six of the 29 clones identified on day 0 belonged to P.
syringae, as shown in Fig. 5 . At the time of harvesting the takana specimens, several of the leaves of contained ulcers, which may have been possibly caused by P. syringae, as this species has been previously reported as a plant pathogen (Takikawa et al., 1989) and was a dominant clone in our analyses.
On day 19, Pseudomonas was no longer detected in the takanazuke, and L. curvatus had instead become the dominant species, at which point lactate concentration was 8.7 g/L. It was reported that LAB increased during leek fermentation from log 2-log 3 cfu/mL at day 0 to log 8-log 9 cfu/mL after 1-week incubation on MRS plates, whereas Pseudomonadaceae decreased from log 5 cfu/mL to almost zero during the same period on Pseudomonas cetrimide plates (Wouters et al., 2013b) . This result is similar to that of the microbial community profile observed during takana fermentation in the present study. Although organic acids such as lactate can inhibit the growth of bacteria and fungi (Holzapfel et al., 1995) , the growth of Pseudomonas during takanazuke fermentation appeared to be inhibited by salt and acid. All 46 clones on day 19 were most closely related to L. curvatus, which was isolated in our previous study. L. curvatus B17-2 produced 54% l-lactate and 46% d-lactate in our previous fermentation experiment using takana juice as a substrate (Sakai et al., 2013) .
However, nearly all of the lactate produced by day 19 of the present takana fermentation was l-lactate (Fig. 2) . L. curvatus produces lactate racemase following induction by l-lactate (Garvie, 1980; Schleifer, 2009) (para)plantarum (Fig. 3) , L. sakei accounted for 45.6% of clones. L.
sakei can utilize arginine as a carbon source when the sugar content is low (van de Guchte et al., 2002; Rimaux et al., 2012) , unlike L.
curvatus (Schleifer, 2009 ). The synthesis of citrulline from arginine was repressed in synthetic medium containing more than 27.5 mM glucose (Montel and Champomier, 1987) . L. sakei was first detected and isolated from fermented sausage (Kesmen et al., 2012) , which contains high protein levels and low sugar content, as is typical of fermented meat. Under such conditions, L. sakei uses the arginine deiminase (ADI) pathway (Rimaux et al., 2012) to convert arginine to ornithine and ATP, and also producing ammonia as a byproduct. L. sakei CTC 494 has been reported to use the ADI pathway at pH 4.5, albeit not to a high degree (Rimaux (Hutkins, 2006 , Plengvidhya et al., 2007 . In the traditional fermentation of cauliflower (B. oleracea) in Greece, the Leu. mesenteroides group is dominant during the early stages, with the L. plantarum group becoming dominant at subsequent stages (Paramithiotis et al., 2010) . In the fermentation of turnips (B. rapa)
for the production of brovada in Italy, heterotypic L. hilgardii was isolated at the early stage and Pediococcus parvulus was isolated mainly during following stages, with L. plantarum being consistently isolated (Maifreni et al., 2004) . During the fermentation of mustard (suan-tsai) in Taiwan, Lactobacillus, Leuconostoc, Weissella, and Pediococcus were isolated after 3 days of fermentation, and L. plantarum and L. brevis were predominantly isolated after 2 months (Chao et al., 2009 ). In our previous study, Leu. mesenteroides was mainly isolated on day 13
of takanazuke (NaCl 6% [w/w]) fermentation, and L. sakei, L.
curvatus, L. (para)plantarum, and Leu. mesenteroides were isolated on day 17 after the pH had decreased (Sakai et al., 2013) .
L. (para)plantarum was predominantly isolated with continued fermentation, whereas L. brevis was isolated at the late stages (Sakai et al., 2013) . In addition, we also isolated Enterococcus faecium during takana fermentation (NaCl 8% (w/w)) (Sakai et al., 2013) . In contrast to the fermentation method used in that study, the traditional method of takana fermentation in the Aso region yielded L. (para)plantarum, L. parabrevis, and P. parvulus as the dominant species (Sakai et al., 2013) . However, in the present study, E. faecium, L. parabrevis, and P. parvulus were not detected during the takanazuke fermentation. This finding suggests that these three species might not be associated with takana plants or the surrounding soil, but rather, are found in fermentation pots in the Aso region.
We previously selected L. plantarum B17-4 as the starter LAB for production of takanazuke, and in the present study, L.
plantarum was detected between active lactate fermentation and the end stages of fermentation. Taken together, these past and present findings indicate that L. plantarum is a suitable starter strain for takanazuke production.
Conclusions
We analyzed changes in the microbial community composition during the production of takanazuke. Although Pseudomonas was dominant on day 0, L. curvatus was the dominant species on day 19 of fermentation, which corresponded to high l-lactate production. Notably, the microbial community of LAB changed continuously during the 180-day fermentation period. Although the microbial composition might differ between the specific conditions found in Aso and Kumamoto, L. plantarum isolated from takanazuke in our previous study was the major LAB and therefore may be a suitable starter strain for takanazuke production.
